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Nosema ceranaeBombus atratus bumblebees from Colombia that were caught in the wild and from breeding programs
were screened for a broad set of bee pathogens. We discovered for the ﬁrst time Lake Sinai Virus and
conﬁrmed the infection by other common viruses. The prevalence of Apicystis bombi, Crithidia bombi
and Nosema ceranae was remarkably high. According to other studies the former two could have been
co-introduced in South America with exotic bumble bees as Bombus terrestris or Bombus ruderatus.
Given the fact that none of these species occur in Colombia, our data puts a new light on the spread of
these pathogens over the South American continent.
 2015 The Authors. Published by Elsevier Inc. This is anopenaccess article under theCCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction fact that none of these allochthonous species occur in ColombiaThe neotropical bumblebee Bombus atratus is one of the 12
Bombus species from Colombia. Besides, it is one of those species
that allowed to develop technologies for breeding in captivity in
order to be applied for the pollination of different cultivated crops
and fruits (Liévano et al., 1991).
In the context of the global decline of pollinators, there is an
increasing interest in determining the pathogen diversity of bum-
blebee species. Imported bee species are considered a putative
threat for native plant–pollinator networks through the spillover
of pathogens (Meeus et al., 2011; Arbetman et al., 2013).
Especially in North and South America there is considerable data
to suggest that pathogens are an important driver of bumble bee
decline (Cameron et al., 2011; Arbetman et al., 2013) and that at
least some of them could have been introduced with exotic,
Paleartic bumble bee species (Bombus terrestris; Bombus ruderatus)
commercially reared and shipped worldwide for pollination
services (Plischuk et al., 2011; Arbetman et al., 2013). Given themakes this country particularly interesting for further research.
Here we present a comprehensive pathogen screen of a limited
set of samples of B. atratus from Colombia that were caught in the
wild and from breeding programs. We discovered for the ﬁrst time
Lake Sinai Virus (LSV) in this bumblebee species and found a strain
of Apicystis bombi with most resemblance to the European clade.
2. Materials and methods
2.1. Sampling
In 2013, ﬁve foraging B. atratus specimens were collected with
entomological nets in the municipality of Chía (Colombia). We also
sampled seven nests reared and maintained in the facilities of the
campus of the Military University Nueva Granada located in the
municipality of Cajicá (Colombia). Two bumblebees were collected
from each colony. All bumblebees were killed by freezing and
preserved in RNAlater (Ambion) at 4 C for transport to Belgium.
2.2. Nucleic acid extraction
The bumblebees were individually homogenized in PBS. RNA
was isolated using the RNeasy Lipid Tissue kit (Qiagen) and DNA
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in accordance to the manufacturer’s instructions.
2.3. PCR analysis
Around 500 ng RNA was retro-transcribed using random hex-
amer primers with the RevertAid First Strand cDNA Synthesis Kit
(Thermo Scientiﬁc). Using previously described PCR protocols,
samples were screened for the presence of bacteria, microsporidia,
protists and viruses (detailed description is given as
Supplementary data).
Amplicons of the ABPV complex, A. bombi ITS region and
Spiroplasma spp. were cloned using the TOPO TA Cloning Kit for
sequencing (Invitrogen, USA) and isolated with the GeneJet
Plasmid Miniprep kit (Thermo Scientiﬁc). DNA sequences obtained
by direct sequencing of amplicons or by sequencing plasmids with
M13 primers were BLAST-searched for conﬁrmation.
2.4. Sequence analysis
Trypanosomatid amplicons were aligned with 18S sequences
from Crithidia bombi and Crithidia expoeki (unpublished informa-
tion) in order to resolve their identity.
Sequences of A. bombi ITS regions were aligned in Geneious R7
using clustalW and subsequently trimmed. The best ﬁtting nucleo-
tide substitution model with maximum likelihood was selected
using the Bayesian Information Criterion as implemented in
MEGA6. Phylogenetic trees were inferred via maximum likelihood
(ML) with PhyML 3.0 (Guindon et al., 2010) using the HKY85 model
with approximate non-parametric likelihood ratio test branch
support based on a Shimodaira-Hasegawa-like (aLRT SH-like) pro-
cedure (Anisimova and Gascuel, 2006).Fig. 1. Phylogenetic analysis of Apicystis bombi internal transcribed spacers (ITS). This re
partial 28S rRNA gene. Samples originating from Argentina are indicated in purple, fro
haplotype in green. Branch support is designated by aLRT statistics. Only values higher3. Results and discussion
An overview of the detected pathogens is given in Table 1. All
tested bumblebees were found infected by at least four different
species of pathogen, but up to eight species could be found in a sin-
gle specimen. Deformed Wing Virus (DWV) and Nosema ceranae
were omnipresent (both in captive-bred and wild samples), and
C. bombi was discovered in all captive-bred samples. Overall, A.
bombi was detected in 12 out of 19 samples (63%) and LSV in 13
out of 19 samples (68%). To the best of our knowledge this is the
ﬁrst report of the occurrence of LSV in B. atratus. After its ﬁrst dis-
covery in the USA (Runckel et al., 2011), the ﬁeld of action of LSV
was subsequently extended to honey bees and solitary bees of
Europe (Ravoet et al., 2013, 2014; Granberg et al., 2013), and
now to bumblebees of the northwest of South America.
The common honey bee viruses like Acute Bee Paralysis Virus
(ABPV), Black Queen Cell Virus (BQCV), DWV and Sacbrood Virus
(SBV) were already detected in South American honey bees
(Antúnez et al., 2006; Teixeira et al., 2008; Mendoza et al., 2014).
They are now considered multi-host pathogens, infecting many
arthropod species even beyond the pollinator community (Li
et al., 2011; Peng et al., 2011; Zhang et al., 2012; Levitt et al.,
2013). All except ABPV were found in B. atratus from Brazil
(Reynaldi et al., 2013). The scope of the microsporidium N. ceranae
is so far only restricted to Hymenopteran insect species.
Originating from Asian honey bees (Apis cerana) (Fries et al.,
1996), it was subsequently found in European honey bees (Apis
mellifera) (Higes et al., 2006; Huang et al., 2007), bumblebees
(Graystock et al., 2013; Fürst et al., 2014) including B. atratus
(Plischuk et al., 2009) and solitary bees (Ravoet et al., 2014). Its
occurrence in South American honey bees is well-documented
(Klee et al., 2007; Invernizzi et al., 2009; Martinez et al., 2012;gion includes the partial 18S rRNA, complete ITS 1, 5.8S rRNA gene, ITS 2, and the
m Colombia in blue, from Europe in black, from Mexico in red and the universal
than 70% are shown.
Table 1
Overview of detected pathogens in Bombus atratus from Colombia, sampled along 2013. ABPV, Acute Bee Paralysis Virus; BQCV, Black Queen Cell Virus; DWV, Deformed Wing
Virus; LSV, Lake Sinai Virus; SBV, Sacbrood Virus; Nosema ceranae, N. ceranae; Apicystis bombi; Crithidia bombi, C. bombi; Spiroplasma apis, S. apis.
Sample Virus Microsporidia Protists Bacteria Pathogen diversity
ABPV BQCV DWV LSV SBV N. ceranae A. bombi C. bombi S. apis
Nest 702,1 0 1 1 1 0 1 0 1 0 5
Nest 702,2 0 0 1 1 1 1 0 1 0 6
Nest 706,1 0 1 1 0 0 1 1 1 0 5
Nest 706,2 0 1 1 1 0 1 1 1 0 6
Nest 718,1 0 1 1 0 1 1 0 1 1 6
Nest 718,2 0 1 1 0 0 1 0 1 0 4
Nest 720,1 0 1 1 1 0 1 0 1 0 5
Nest 720,2 1 1 1 1 1 1 0 1 0 7
Nest 724,1 1 1 1 1 0 1 1 1 0 8
Nest 724,2 0 1 1 0 0 1 1 1 0 5
Nest FITXC,1 0 1 1 1 0 1 0 1 0 5
Nest FITXC,2 0 0 1 0 0 1 1 1 0 4
Nest R102,1 0 1 1 0 0 1 1 1 0 5
Nest R102,2 0 1 1 1 0 1 1 1 0 6
Subtotal: number (%) 2 (14) 12 (86) 14 (100) 8 (57) 3 (21) 14 (100) 7 (50) 14 (100) 1 (7)
Wild 1,1 0 0 1 1 0 1 1 0 0 4
Wild 1,2 0 0 1 1 0 1 1 1 0 5
Wild 2,1 0 0 1 1 0 1 1 1 0 5
Wild 2,2 0 1 1 1 0 1 1 1 0 6
Wild 3 0 1 1 1 0 1 1 1 0 6
Subtotal: number (%) 0 (0) 2 (40) 5 (100) 5 (100) 0 (0) 5 (100) 5 (100) 4 (80) 0 (0)
Total: number (%) 2 (11) 14 (74) 19 (100) 13 (68) 3 (16) 19 (100) 12 (63) 18 (95) 1 (5)
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strated that the prevalence of DWV and N. ceranae in honey bees
and bumblebees is linked, and that Apis is the likely source of
DWV spillover to wild pollinators (Fürst et al., 2014).
Our discovery of the neogregarine A. bombi in B. atratus from
Colombia was most interesting. Moreover, we could successfully
amplify its ITS regions in some samples and found strong
sequence similarity with several published A. bombi haplotypes
(Genbank accession number of the found sequences: KP055606–
KP055610). A phylogenetic analysis revealed that they are part of
a clade with the universal haplotype (Genbank: KF322212) and
several European haplotypes (Genbank: KF322207–KF322208,
KF322210–KF322212; see Fig. 1). This suggests a European origin
of the Colombian A. bombi. This is even more remarkable as this
protist was reported to be possibly co-introduced with B. terrestris
or B. ruderatus in Argentina (Plischuk et al., 2011; Arbetman et al.,
2013). Given the fact B. terrestris does not occur in Colombia, our
data suggests that the route of invasion of A. bombi here should
be different. This could indicate that the cosmopolitan prevalence
of A. bombi was caused by another host than B. terrestris. Second
the mutation rate of the ITS marker within neogregarine parasites
is perhaps too low to resolve the differences between the native
Palearctic and Neotropic parasites. Indeed, the high prevalence of
A. bombi in introduced species in Argentina could have occurred
by a spillback principle, in which native parasites ﬁnd a new
reservoir in exotic bees. This introduced reservoir can then disrupt
natural host parasite associations. We conclude that there is a need
for more molecular markers, with controls of regions without bee
transports, to calculate the molecular mutation rate.
The prevalence of the trypanosome C. bombi was remarkably
high (95%). In 2009 this protist was still lacking in an
Argentinean survey covering ﬁve of the eight known native
bumblebee species, including B. atratus, though it was found in
21.6% of the invasive B. terrestris (Plischuk and Lange, 2009).
Recently, it was found in the native bumblebees in Chile
(Schmid-Hempel et al., 2014). We believe that our data on the
occurrence of A. bombi and C. bombi in an environment that lacks
the invasive Bombus species, puts a new light on the spread of
these pathogens over the South American continent.Acknowledgments
The authors wish to thank the group of Beekeeping Science and
Technology from the National University of Colombia and the
group of research of Wild Bees Biodiversity and Ecology from the
Military University Nueva Granada, particularly to the head of
the group José Ricardo Cure. Picture of Bombus atratus was from
Graciela Alcantara (http://www.ecoregistros.org/Graciela Alcantara).
Appendix A. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jip.2015.05.013.References
Anisimova, M., Gascuel, O., 2006. Approximate likelihood-ratio test for branches: a
fast, accurate, and powerful alternative. Syst. Biol. 55, 539–552.
Antúnez, K., D’Alessandro, B., Corbella, E., Ramallo, G., Zunino, P., 2006. Honeybee
viruses in Uruguay. J. Invert. Pathol. 93 (1), 67–70.
Arbetman, M.P., Meeus, I., Morales, C.L., Aizen, M.A., Smagghe, G., 2013. Alien
parasite hitchhikes to Patagonia on invasive bumblebee. Biol. Invasions 15 (3),
489–494.
Cameron, S.A., Lozier, J.D., Strange, J.P., Koch, J.B., Cordes, N., Solterd, L.F., Griswold,
T.L., 2011. Patterns of widespread decline in North American bumble bees. Proc.
Natl. Acad. Sci. USA 108 (2), 662–667.
Fries, I., Feng, F., Da Silva, A., Slemenda, S.B., Pieniazek, N., 1996. Nosema ceranae n
sp. (Microspora, Nosematidae), morphological and molecular characterization
of a microsporidian parasite of the Asian honey bee Apis cerana (Hymenoptera,
Apidae). Eur. J. Protistol. 32 (3), 356–365.
Fürst, M.A., McMahon, D.P., Osborne, J.L., Paxton, R.J., Brown, M.J.F., 2014. Disease
associations between honeybees and bumblebees as a threat to wild
pollinators. Nature 506, 364–366.
Granberg, F., Vicente-Rubiano, M., Rubio-Guerri, C., Karlsson, O.E., Kukielka, D.,
Belák, S., Sánchez-Vizcaíno, J.M., 2013. Metagenomic detection of viral
pathogens in Spanish honeybees: co-infection by aphid lethal paralysis, Israel
acute paralysis and lake sinai viruses. PLoS One 8 (2), e57459.
Graystock, P., Yates, K., Darvill, B., Goulson, D., Hughes, W.O.H., 2013. Emerging
dangers: deadly effects of an emergent parasite in a new pollinator host. J.
Invert. Pathol. 114 (2), 114–119.
Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, W., Gascuel, O., 2010.
New algorithms and methods to estimate maximum-likelihood phylogenies:
assessing the performance of PhyML 3.0. Syst. Biol. 59, 307–321.
Higes, M., Martín-Hernández, R., Meana, A., 2006. Nosema ceranae, a new
microsporidian parasite in honeybees in Europe. J. Invert. Pathol. 92 (2), 93–95.
V. Gamboa et al. / Journal of Invertebrate Pathology 129 (2015) 36–39 39Huang, W.F., Jiang, J.H., Chen, Y.W., Wanga, V.H., 2007. A Nosema ceranae isolate
from the honeybee Apis mellifera. Apidologie 38, 30–37.
Invernizzi, C., Abud, C., Tomasco, I.H., Harriet, J., Ramallo, G., Campá, J., Katz, H.,
Gardiol, G., Mendoza, Y., 2009. Presence of Nosema ceranae in honeybees (Apis
mellifera) in Uruguay. J. Invert. Pathol. 101 (2), 150–153.
Klee, J., Besana, A.M., Genersch, E., Gisder, S., Nanetti, A., Tam, D.Q., Chinh, T.X.,
Puerta, F., Ruz, J.M., Kryger, P., Message, D., Hatjina, F., Korpela, S., Fries, I.,
Paxton, R.J., 2007. Widespread dispersal of the microsporidian Nosema ceranae,
an emergent pathogen of the western honey bee, Apis mellifera. J. Invert. Pathol.
96 (1), 1–10.
Levitt, A.L., Singh, R., Cox-Foster, D.L., Rajotte, E., Hoover, K., Ostiguy, N., Holmes,
E.C., 2013. Cross-species transmission of honey bee viruses in associated
arthropods. Virus Res. 176, 232–240.
Li, J., Peng, W., Wu, J., Strange, J.P., Boncristiani, H., Chen, Y., 2011. Cross-species
infection of deformed wing virus poses a new threat to pollinator conservation.
J. Econ. Entomol. 104 (3), 732–739.
Liévano, A., Ospina, R., Nates, G., 1991. Distribución altitudinal del género Bombus
en Colombia (Hymenoptera: Apidae). Trianea 4, 541–550.
Martinez, J., Leal, G., Conget, P., 2012. Nosema ceranae an emergent pathogen of Apis
mellifera in Chile. Parasitol. Res. 111 (2), 601–607.
Meeus, I., Brown, M.J., de Graaf, D.C., Smagghe, G., 2011. Effects of invasive parasites
on bumble bee declines. Conserv. Biol. 25 (4), 662–671.
Mendoza, Y., Antúnez, K., Branchiccela, B., Anido, M., Santos, E., Invernizzi, C., 2014.
Nosema ceranae and rRNA viruses in European and Africanized honeybee
colonies (Apis mellifera) in Uruguay. Apidologie 45, 224–234.
Peng, W.J., Li, J., Boncristiani, H., Strange, J.P., Hamilton, M., Chen, Y., 2011. Host
range expansion of honey bee black queen cell virus in the bumble bee, Bombus
huntii. Apidologie 42, 650–658.
Plischuk, S., Lange, C.E., 2009. Invasive Bombus terrestris (Hymenoptera: Apidae)
parasitized by a ﬂagellate (Euglenozoa: Kinetoplastea) and a neogregarine
(Apicomplexa: Neogregarinorida). J. Invert. Pathol. 102 (3), 261–263.
Plischuk, S., Martín-Hernández, R., Prieto, L., Lucía, M., Botías, C., Meana, A.,
Abrahamovich, A.H., Lange, C., Higes, M., 2009. South American nativebumblebees (Hymenoptera: Apidae) infected by Nosema ceranae
(Microsporidia), an emerging pathogen of honeybees (Apis mellifera). Environ.
Microbiol. Rep. 1 (2), 131–135.
Plischuk, S., Meeus, I., Smagghe, G., Lange, C.E., 2011. Apicystis bombi (Apicomplexa:
Neogregarinorida) parasitizing Apis mellifera and Bombus terrestris
(Hymenoptera: Apidae) in Argentina. Environ. Microbiol. Rep. 3 (5), 565–568.
Ravoet, J., Maharramov, J., Meeus, I., De Smet, L., Wenseleers, T., Smagghe, G., de
Graaf, D.C., 2013. Comprehensive bee pathogen screening in Belgium reveals
Crithidia melliﬁcae as a new contributory factor to winter mortality. PLoS One 8
(8), e72443.
Ravoet, J., De Smet, L., Meeus, I., Smagghe, G., Wenseleers, T., de Graaf, D.C., 2014.
Widespread occurrence of honey bee pathogens in solitary bees. J. Invert.
Pathol. 122, 55–58.
Reynaldi, F., Sguazza, G.H., Albicoro, F.J., Pecoraro, M.R., Galosi, C.M., 2013. First
molecular detection of co-infection of honey bee viruses in asymptomatic
Bombus atratus in South America. Braz. J. Biol. 73 (4), 797–800.
Runckel, C., Flenniken, M.L., Engel, J.C., Ruby, J.G., Ganem, D., Andino, R., DeRisi, J.L.,
2011. Temporal analysis of the honey bee microbiome reveals four novel
viruses and seasonal prevalence of known viruses, Nosema, and Crithidia. PLoS
One 6, e20656.
Schmid-Hempel, R., Eckhardt, M., Goulson, D., Heinzmann, D., Lange, C., Plischuk, S.,
Escudero, L.R., Salathé, R., Scriven, J.J., Schmid-Hempel, P., 2014. The invasion of
southern South America by imported bumblebees and associated parasites. J.
Anim. Ecol. 83 (4), 823–837.
Teixeira, E.W., Chen, Y., Message, D., Pettis, J., Evans, J.D., 2008. Virus infections in
Brazilian honey bees. J. Invert. Pathol. 99 (1), 117–119.
Teixeira, E.W., Dos Santos, L.G., Sattler, A., Message, D., Marques, M.L.F.A., Fonseca,
M.M., Grassi-Sella, M.L., Francoy, T.M., 2013. Nosema ceranae has been present
in Brazil for more than three decades infecting Africanized honey bees. J. Invert.
Pathol. 114 (3), 250–254.
Zhang, X., He, S.Y., Evans, J.D., Pettis, J.S., Yin, G.F., Chen, Y.P., 2012. New evidence
that deformed wing virus and black queen cell virus are multi-host pathogens. J.
Invert. Pathol. 109 (1), 156–159.
